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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments. 


JfBSi  9285 
030:  6169-H/5 

IMPROVEMSNT  0?  THE  OPTHTAL  CONTROL  OF 
INBRTIAL  OBJECTS  IN  THE  PRESENCE  OF 
PERTURBATIONS. 

Following  iB  a  tranalatlon  of  an  article 
by  V.  V.  Eazakewloh  and  A.  P.  Yurkewlch, 
entitled  "Ob  uluohahenll  kacheetva  ekatre- 
mal*nogo  regollrovazilya  Inertalonnykh  ob" 
uektow  prl  nallohli  ▼osnuahchenly"  (Eng- 
llah  veralon  above )»  in  PcklAdv  Akudemii 
nauk  SSSR  (Report a  of  Academy  of  Sclenoea 
SSSR),  Vol.  136,  No.  4,  1961,  pp.  783-786. 

The  aolution  of  the  problem  of  the  optimal  con¬ 
trol  of  inertial  ob;}eota  in  the  presence  of  low  frequen¬ 
cy  external  perturbations  demands  the  application  of 
special  systems  (  *  .  In  the  cases  of  application  of 

optimal  controllers  of  the  usual  type,  for  example  with 
a  memory  storage  of  the  optimum,  it  is  necessary  to  low¬ 
er  the  spee i  of  hunting  because  of  the  Inertial  effect 
of  the  object,  which,  in  its  turn,  deteriorates  the  in¬ 
terference  immunity  of  the  system. 

In  (  }  a  method  of  optimal  control  is  suggested 
and  theoretically  proven.  It  permits,  in  principle,  to 
remove  the  harmful  inertial  effect  of  the  object  of  any 
order,  in  the  absence  of  dynamic  links  in  the  object, 
located  before  its  optimal  cheract eristic.  The  system 
is  distinctive  in  that  at  the  control  input  is  applied 
a  definite,  generc^-ly  non-linear,  combination  of  signals 
in  accordance  with  the  derivatives  of  the  controlled 
value  and  by  means  of  a  non-linear  link  there  is  also 


introduced  an  action  In  accordance  with  the  change  of 
the  function* 

The  eyetem  haa  better  characterlstloa  with  reaped 
to  the  quality  of  the  proceaa  of  controlling  inertieJ. 
objecta,  for  lov-frequenoy  perturbationa  even  aa  coo- 
pared  with  a  ayateo  of  the  uaual  type  with  a  non-lner- 
tial  ob,ieoi!r»  since  the  effect  of  the  lov-frequency  per¬ 
turbationa  to  a  certain  extent  la  filtered  out*  How¬ 
ever,  in  the  preaence  of  strong  perturbations,  the  level 
of  the  optimum  of  the  function  changes  very  rapidly  and 
at  a  not  very  rapid  change  of  the  executing  organ,  the 
losses  in  hunting  may  still  be  considerable* 

Let  us  consider  the  frequently  encountered  case 
of  optimal  control  of  an  object  of  the  first  order.  Let 
the  characteristic  of  the  optimal  element  have  the  form 

(1) 


where  x  an-*  y,  are  correspondingly  the  values  of  the  in¬ 
put  and  output  of  the  optimal  element*  Let  also 
I  a  as  const  and  the  relation  of  the  output  of  the 
I  object  J2  with  y,  have  a  form 


where 


k»'  end  To  are  constants* 

Using  the  method  of  control  shown  in  (^),  if  the 


action  of  the  non-linear  link  is  not  ttten  into  consider- 
ation»  the  signal  at  the  input  of  the  optimal  controller 
will  he  z-KfH*  .  J)enotlng  yiK^KJx  =  tj 

ve  obtain 


^  =  u 


The  traiisient  conditions  in  the  control  system 
under  consideration  is  described  by  a  system  of  equa-  ! 
tions  analogous  to  that  which  describes  the  transient 
conditions  in  a  non-inertial  object  with  the  application  i 
of  a  dynamic  converter  of  the  input  signal* 

The  dynamics  of  a  system  of  optimal  control  with 
a  dynamic  converter  in  the  form  of  eq.  (3)  is  considered 

•Z  A 

in  in  which  the  determination  of  parameters  of  the 

tran-sient  conditions  and  limiting  cycles,  taking  into 
account  the  external  perturbations,  is  obtained  by  the 
method  of  construction  of  phase  trajectories  of  the  eys- 

c 

tem  on  a  mi  Iti-leaf  surface  (  )  in  coordinates 

a  =  p  ^  2/2KX^0- 

We  will  apply  this  method  here*  Wi'thin  the  limits  be¬ 
tween  reversals  of  the  executing  organ  we  have 


+  -I, 


where  la  —  a  —  a.;  and  Bh  are 

the  coordinates  which  define  the  points  for  t  =  0.  The 
reversals  of  the  operating  organ  occur  each  time  after 
curve  fi  intersects  the  abscissa  axis  and 

the  change  in  the  area  between  curve  anc 


Figure  1 


abaolstt*  axis  rsachos  the  valaa  5.  »  AJ2i|v{.. 

where  tn  —  ^h' j/>.  Is  the  sone  of  insensl- 

tlTity  of  the  controller,  y*  1*  the  valtie  | 

of  the  controlled  quantity  at  the  optimal  point,  i 

~  JTinai.  ,  the 

reversal  points  (l  changes  by  a  jump  by 

±2a  depending  on  the  value  of  a.  • 

We  will  assume  that  starting  at  some  moment  of  | 
time  t  =  0  for  x  =  0  and  y  »  0,  the  action  of  the  exter- 

I 

nal  perturbation  is  expressed  by  a  linear  time  function. 
Then  instead  of  ( 1 )  we  have 


is  the  value 


yi  =  —  /CxX*  -}■  Kit, 


and  at  the  initial  moment  (for  t  s  0) 

«j  =  {j,  «  Ki/2K^V1t„  •  The 

process  of  control  corresponding  to  the  given  case,  in 
terms  of  projection  on  the  phase  surface  «.  p 
for  syster  parameters 


0.5%.  k,  -  Ki/K.V.X„,„  =  1. 


is  ahown  in 


Fig,  1 ,  It  may  be  seen  that  there  is  an  oscillation 
about  the  optimum  of  a  diminishing  amplitude  which  con¬ 
tracts  to  the  limiting  cycle  with  an  amplitude  a  =«? 

«  For  the  given  parameters  the 
variation  a  in  the  process  of  os¬ 

cillation  is  equal  to  0,11  (to  which  corresponds 

^  =  x,  Xn,;,x  «  *  0,55)  and  the  timing 
is  equal  to  ;5r  3t„  •  Ibe  introduction  of  a 

switch  circuit  which  periodically  reverses  the  system 


period  dtoreaaea  the  ehoim  variations  to  the 
value  ^ » Vj,(u/x„ytx  • 

In  the  presence  of  a  strong  perturbation  the 
effect  of  which  appears  to  be  a  quadratic  function  of 
tine  giving  »»  — /CiJf*  4*  ^h<*.  ,  the  deviation  of  the 

systen  fron  the  optitton  in  the  limiting  cycle,  in  the 
absence  in  the  controller  of  an  insensitivity  zone,  can 
be  described  by  a  simplified  formula 

(5) 


where  =  AVK,Vi. 

for  a  large  value  of 


•  These  deviations 
and  a  limited  veloci¬ 


ty  V_  can  be  appreciable.  For  example,  for 


ana  v,,  =5  ;^ps=|.  •  ®  reauccion  in  xne 

change  time  of  the  executing  organ,  there  is  a  reduc¬ 
tion  of  the  time  of  the  transient  condition  and  of  the 
amplitude  ^  for  the  case  of  either  a.  linear 

or  a  quad’*atic  perturbation* 

The  quality  of  the  optimal  control  of  inertial 
objects  in  the  presence  of  perturbations  can  be  im¬ 
proved  by  application  of  a  combination  system  for  con¬ 
version  of  the  input  signal  as  shown  in  Figure  2* 

Into  the  structural  diagram  of  the  system  enter 
the  following  Unless  ye*  ye*  -  optimal  element  with  a 
characteristic  “  KxX*,  o.  ,  0,  -  dynamic 

part  cf  the  object  which  is  described  by  the  differen¬ 
tial  equation  i 

u*  f*  8*  -  the  generating  device  which  develops  the  sig- 


For  a  reduction  in  the 


5  ^  r  ye.  ye 
y  u.  f.  8. 
3.  p,-?  ye.  r 

-  n.  z.  d. 


Figure  2 

nal  7»  the  dynamic  converter  and  the  optimal  controller 
ye.  r.  Thusy  the  system  contains  the  device  described 
in  (  )>  generating  a  signal  In  accordance  with  the  de¬ 
rivatives  and  changes  of  function  y^^  which  removes  the 
effect  of  the  Inertia  of  the  controlled  object  and  be¬ 
sides  It  has  a  dynamic  converter^  representing  a  pro¬ 
portional  link,  encompassing  an  integrating  feedback 
with  an  insensitive  sons  a^.  The  dynamic  converter 
at  Its  optimal  value  for  a  constant  time  t 
ln..a  number  of  oases  practically  eliminates  or  lowers 
the  unfavorable  effect  of  low-frequency  perturbations* 
The  Introduction  into  the  feedback  of  the  insensitive 
sons  Zq  increases  the  precision  of  control  on  the  sloped 
portions  of  the  optimal  characteric  near  the  optimum  for 
the  action  of  monotonic  external  perturbations^  which 
change  x  and  at  slow  speed  of  the  executing  organ.  The 
given  system  permits  a  great  increase  in  the  sensitivity 


of  the  controller  (6)« 


For  determination  of  parameters  of  transient  con¬ 
ditions  and  limiting  cycles  of  the  system  also  in  this 
case  It  Is  convenient  to  apply  the  method  of  construc¬ 
tion  of  Its  phase  trajectories  In  the  coordinates 

a  and  0  on  a  multi-leaf  surface* 

In  the  Ideal  case,  with  the  absence  of  instru¬ 
ment  distortions  in  operation  of  the  installation,  the 
excluding  effect  of  the  inertia  of  the  object  can  be 
taken  as  F  —  AaiFi-  • 

Conversion  of  signal  y  into  z~n 

is  determined  by  equations 

ll*T 

«  =  ptVi^  (6) 


at  — (7) 


The  transition  from  eq,  (6)  to  eq,  (7)  when  the 
external  perturbations  are  absent  can  be  accomplished  by 

>  thereby  ^  y. 

to  which  corresponds  , 

In  the  presence  of  an  external  perturbation  which 
is  a  linear  function  of  time 


^n*Ai/2vx~*sign*, 


The  operation  of  the  system  within  the  limjLts  of 
the  insensitivity  zone  of  the  feedback  Zq  corresponds  to 
some  change  ?n.  whereby  -uhe-  area  betwc^^en  the 

portion  of  the  straight  line  and  its 

projection  on  the  abscissa  axis  is  equal  to  S» 

=d<»/2nvf.  where  =  Vy*-  *  The  phase  trajec¬ 

tories  corresponding  to  equation  (6)  have  the  same  form  I 
as  for  equation  (3).  I 

On  Fig.  3  are  given  the  projeotions  on  the  phase  [ 
plane  of  the  phase  trajectories  of  the  optimal  control  | 
for  Vt  =  =*0.1o  and  the  same  external  conditions 

as  in  the  case  corresponding  to  Fig.  1.  As  can  be  seen 
on  Pig.  3  deviations  of  the  executing  organ  from  the 
position  corresponding  to  the  optimum  of  the  function 
diminished  and  the  process  of  the  setting  up  the  limit¬ 
ing  cycle  was  considerable  speeded  up;  under  this  condi¬ 
tion  the  transient  period  ♦  does  not  exceed 

0.33. 

In  the  case  of  reaction  of  external  perturbations » 
which  are  quadratic  function  of  time,  the  precision  of 
control  is  also  determined  by  eq.  (5)>  but  v- 

is  determined  by  relation  which  can 

be  m€axy  times  smaller  than  ,  The  value 

fp  will  be  correspondingly  smaller.  | 

The  introduction  into  the  control  system  of  a 
switching  circuit  permits  to  reduce  greatly  the  indica¬ 
ted  momentary  deviations  of  the  systems. 

The  Moscow  aviation  Received 
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